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(57) ABSTRACT

A method for compensating the output power of wind
turbine generator set includes acquiring the average values
of the first ambient temperature of environments where the
wind turbine generator set 1s located in various periods;
collecting the output power of the wind turbine generator set
at the end time of various periods; compensating the set
output power collected at the end time of current period
according to diflerence value between the average value of
the first ambient temperature 1n the current period and that
in the previous period so as to guarantee the stability of the
set output power 1f the average value of the first ambient
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Average values of first ambient temperatures of environments 101
where a wind turbine is located 1s acquired 1n respective periods |

Output powers of the wind turbine at end time instants of the 107
respective periods is collected ' B

It both an average value of the first ambient temperatures 1n a
current period and an average value of the hirst ambient
temperatures i a previous period are greater than a preset
temperature threshold, an output power of the wind turbine
collected at an end time 1nstant of the current period 1s
compensated based on a dilference between the average values 103
of the first ambient temperatures in the current period and the [
previous period, to ensure a stable output power of the wind
turbine; the temperature threshold 1s an ambient temperature
value when the wind turbine 1s 1n a full power state, where 1n the
full power state, the wind turbine has a grid-connected power
equal to a rated power

End

Figure 1
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Start

average output powers and average grid-connected powers of a wind
turbine 1 a full power state are acquired for respective months of a year

201

| months of the year are calculated based on the average output powers and

| the average grid-connected powers of the wind turbme in the full power | A5
| state for the respective months of the year, and an annual variation curve of ¥~
| the average self-consumption powers in the full power state is constructed

' by curve fitting

the full power state 1s constructed by performing curve fitting on the
average output powers of the wind turbine in the full power state for the
respective months of the year

{ a tine pownt when a difference obtained by subtracting the annual variation
| curve of the average self-consumption powers from the annual variation | Aypa
curve of the average output powers of the wind turbine is equal to a rated
power is extracted as a specific time point

average values of second ambient temperatures of environments when the

wind turbine is located are acquired for the respective months of the year, §/'205

and an annual variation curve of the average values of the second ambient |
temperatures is constructed by curve fitting

a temperature threshold is determined based on an average value ofthe | =
second ambient temperatures at the specific time point in the annual |/ 200
variation curve of the ave rage value of the second ambient temperatures

Figure 2a
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Collect output powers of the wind turbine at end time instants of | A1
the respective periods '

[1 both an average value of the first ambient temperatures in a
current period and an average value of the first ambient
temperatures in a previous period are greater than a preset
temperature threshold, a difference between the average values of
the first ambient temperatures 1n the current period and the
previous period is substituted into a change rate function, to
acquire an increment of the output power of the wind turbine
corresponding to the difference

303

/1103

Compensate an output power of the wind turbine collected at an
end time mstant of the current period by using the imncrement of the
output power of the wind turbine as a power compensation amount,
to ensure the stable output power of the wind turbine, where the / 304
temperature threshold is an ambient temperature value when the
wind turbine is 1n a full power state. where 1n the full power state,
the wind turbine has a grid-connected power equal to a rated power

KFigure 3
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METHOD, DEVICE AND SYSTEM FOR
COMPENSATING OUTPUT POWER OF
WIND TURBINE GENERATOR SET

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a National Stage application of PCT

international application PCT/CN2015/094823, filed on
Nov. 17, 2015, which claims priority to Chinese Patent
Application No. 201410838656.0, filed with the Chinese
Patent Otflice on Dec. 30, 2014, both of which are incorpo-
rated herein by reference in their entireties.

TECHNICAL FIELD

The present disclosure relates to the technical field of
wind power, and in particular to a method, a device and a
system for compensating an output power of a wind turbine.

BACKGROUND

With continuous improvement of an installed capacity of
a wind turbine (referred to as “W'T” for short), performances
of the wind turbine have increasingly high requirements 1n
an 1mdustry. In a control strategy for a rotational speed and
a torque of the wind turbine in a rotational speed of a full
power, a gain value 1s used to track the maximum wind
energy utility capture. The better the match between the gain
value and actual wind energy resources, the more accurate
the wind energy capture in the control strategy of the wind
turbine. Thus, a power generation capacity of the wind
turbine may be improved. If the gain value deviates from the
actual wind energy resource, the effect of the control strat-
egy 1s 1nfluenced and wind energy capture of the wind
turbine 1s reduced, thereby reducing the power generation
capacity of the wind turbine. Parameters closely related to
the gain value include parameters closely related to perior-
mances of the wind turbine itself, such as a tip speed ratio
and a wind energy utilization factor; and parameters closely
related to wind resources, such as an air density. The
parameters such as the tip speed ratio and the wind energy
utilization factor are fixed with the completion of the design
of the wind turbine, which are diflicult to be improved 1n the
design and control. The air densities 1 wind farms at
different geographical positions are different.
In the conventional control strategy, an annual average air
density 1s generally used, or an annual average air density
calculated from an annual average temperature 1s used. Then
the gain value 1n the control strategy for the rotational speed
and the torque 1s calculated based on the annual average air
density. Since the air density 1s influenced greatly by seasons
and humidity, the gain value calculated mn this method
generally deviates from the actual value greatly. In addition,
the following case 1s not considered in the method: at
different terrain conditions, different wind turbines have
different output powers and self-consumption powers 1n
different seasons, thereby resulting in personalization dif-
ferences of the gain values.

SUMMARY

A method, device and system for compensating an output
power ol a wind turbine are provided according to embodi-
ments of the present disclosure, to compensate the output
power of the wind turbine in operation, to ensure a stable
output power ol the wind turbine.
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In order to achieve the above object, a method for
compensating an output power of a wind turbine 1s provided
according to an embodiment of the present disclosure, which
includes:

acquiring average values of first ambient temperatures of
environments where the wind turbine 1s located, 1n
respective periods;

collecting output powers of the wind turbine at end time
instants of the respective periods; and

11 both an average value of the first ambient temperatures
in a current period and an average value of the first
ambient temperatures 1n a previous period are greater
than a preset temperature threshold, compensating an
output power of the wind turbine collected at an end
time 1nstant of the current period based on a difference
between the average values of the first ambient tem-
peratures 1n the current period and the previous period,
to ensure a stable output power of the wind turbine,
where the temperature threshold 1s an ambient tem-
perature value when the wind turbine is 1n a full power
state; and where 1n the full power state, the wind
turbine has a grid-connected power equal to a rated
power.

A device for compensating an output power of a wind
turbine 1s further provided according to an embodiment of
the present disclosure, which includes:

a first acquiring module configured to acquire average
values of first ambient temperatures of environments
where the wind turbine 1s located, 1n respective periods;

a first collecting module configured to collect output
powers of the wind turbine at end time instants of the
respective periods; and

a compensating module configured to if both an average
value of the first ambient temperatures 1mn a current
period and an average value of the first ambient tem-
peratures 1n a previous period are greater than a preset
temperature threshold, compensate an output power of
the wind turbine collected at an end time instant of the
current period based on a difference of the average
values of the first ambient temperatures 1n the current
period and the previous period, to ensure a stable output
power of the wind turbine, where the temperature
threshold 1s an ambient temperature value when the
wind turbine 1s 1n a full power state; and where 1n the
tull power state, the wind turbine has a grid-connected
power equal to rated power.

A system for compensating output powers ol wind tur-
bines 1s further provided according to an embodiment of the
present disclosure, which includes: a cluster controller and
stand-alone controllers provided on the respective wind
turbines, where

cach of the stand-alone controllers includes:

a stand-alone acquiring module configured to acquire
average values of first ambient temperatures of envi-
ronments where the wind turbine 1s located, 1n
respective periods;

a stand-alone collecting module configured to collect
output powers of the wind turbine at end time
instants of the respective periods; and

a stand-alone compensating module configured to com-
pensate an output power of the wind turbine col-
lected at an end time instant of a current period 1n
response to control of the cluster controller, and

the cluster controller includes:

a cluster acquiring module configured to acquire from
the stand-alone controller the average values of the
first ambient temperatures of the environments
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where the wind turbine including the stand-alone
controller 1s located, 1n the respective periods;

a cluster collecting module configured to collect the
output powers of the wind turbine at the end time
instants of the respective periods from the stand-
alone controller; and

a cluster compensating module configured to 1f both an
average value of the first ambient temperatures of the
wind turbine 1n a current period and an average value
of the first ambient temperatures 1n a previous period
are greater than a preset temperature threshold of the
wind turbine, control a corresponding stand-alone
controller to compensate the output power of the
wind turbine collected the an end time instant of the
current period based on a diflerence between the
average values of the first ambient temperatures of
the wind turbine 1n the current period and the pre-
vious period, to ensure a stable output power of the
wind turbine, where the temperature threshold 1s an
ambient temperature value when the wind turbine 1s
in a full power state; and where 1n the full power
state, the wind turbine has a grid-connected power
equal to a rated power.

With the method, device and system for compensating the
output power of the wind turbine according to the embodi-
ments of the present disclosure, the output power of the wind
turbine 1s compensated based on the introduced temperature
threshold and a change of the output powers of the wind
turbine with the ambient temperatures, to ensure the stable
output power of the wind turbine. The technical solutions

according to the embodiments of the present disclosure may
be applied to various types of wind turbine.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a flowchart of a method for compensating an
output power of a wind turbine according to an embodiment
of the present disclosure;

FIG. 2a 1s a flowchart of a method for acquiring a
temperature threshold 1in the embodiment shown 1n FIG. 1
according to the present disclosure;

FIG. 2b 1s a schematic diagram of an annual varniation
curve of average seli-consumption powers 1n a full power
state according to an embodiment of the present disclosure;

FIG. 2¢ 1s a schematic diagram of an annual variation
curve of average output powers of a wind turbine 1n a full
power state according to an embodiment of the present
disclosure:

FIG. 2d 1s a schematic diagram of an annual variation
curve ol average values of second ambient temperatures
according to an embodiment of the present disclosure;

FIG. 3 1s a flowchart of a method for compensating an
output power of a wind turbine according to another
embodiment of the present disclosure;

FIG. 4a 1s a schematic structural diagram of a device for
compensating an output power of a wind turbine according
to an embodiment of the present disclosure;

FIG. 4b 1s a schematic structural diagram of a device for
compensating an output power of a wind turbine according
to another embodiment of the present disclosure;

FIG. 4¢ 1s a schematic structural diagram of a device for
compensating an output power of a wind turbine according
to another embodiment of the present disclosure;

FIG. 3a 1s a schematic structural diagram of a system for
compensating an output power of a wind turbine according
to an embodiment of the present disclosure;
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FIG. 5b 1s a schematic structural diagram of a stand-alone
controller 1n a system for compensating an output power of
a wind turbine according to the present disclosure; and

FIG. 5¢ 1s a schematic structural diagram of a cluster
controller 1n a system for compensating an output power of
a wind turbine according to the present disclosure.

DETAILED DESCRIPTION OF EMBODIMENTS

First Embodiment

FIG. 1 1s a flowchart of a method for compensating an
output power of a wind turbine according to an embodiment
of the present disclosure. The method may be performed by
an output power compensating system of the wind turbine or
a compensating device or module integrated in the system.
As shown 1n FIG. 1, the method for compensating an output
power of a wind turbine includes steps S101 to S103 1n the
following.

In step S101, average values of first ambient temperatures
of environments where the wind turbine 1s located 1is
acquired 1n respective periods.

At least one sampling time 1nstant may be set for each of
the periods. At each of multiple sampling time instants, a
temperature of an environment where the wind turbine 1s
located 1s measured by a temperature measuring device as a
first ambient temperature, and an average value of the first
ambient temperatures 1n the period 1s obtained by calculat-
ing a weighted average value or an algebraic average value
of all measured first ambient temperatures in the period.

In step S102, output powers of the wind turbine at end
time 1nstants of the respective periods are collected.

The output power of the wind turbine refers to a value of
clectrical energy which 1s converted from wind energy
absorbed by a blade i unit time. The output power is
influenced by a wind energy utilization coeflicient of the
blade and a mechanical transmission efliciency of the wind
turbine. In an actual application scene, the grid-connected
power, 1.€., a power to be transmitted to a power grid, 1s
obtained by subtracting a self-consumption power from the
output power of the wind turbine. The three types of powers
meet the following relation:

wind turbine output power—self-consumption
power=grid-connected power.

When the grid-connected power 1s greater than or equal to
a rated power of the wind turbine itself, the wind turbine
supplies power to an external power grid with the rated
power; and when the grid-connected power 1s less than the
rated power of the wind turbine itself, the wind turbine
supplies power to the external power grid with the grid-
connected power.

In the actual application scene, the self-consumption
power of the wind turbine refers to a power consumed by
clectrical components of the wind turbine 1 a normal
operation. A value of the self-consumption power 1s related
to operation states of the electrical components. In addition
to the electrical components of the wind turbine, the output
power of the wind turbine 1s closely related to an ambient
environment, and the ambient temperature influences the
output power of the wind turbine more obviously. This 1s
because as the ambient temperature rises, an air density
decreases, thereby resulting 1n that the output power of the
wind turbine 1s reduced at the same wind speed. Accord-
ingly, in a high ambient temperature, the wind turbine needs
to consume more energy to dissipate heat, resulting 1n a high
self-consumption power of the wind turbine. Both a
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decrease of the output power of the wind turbine and an
increase of the self-consumption power result 1n a decrease
of the grid-connected power of the wind turbine, which may
be regarded as a decrease of the output power of the wind
turbine equivalently.

Thus, 11 a rule for change of the output powers of the wind
turbine with the ambient environments 1s found, the output
power ol the wind turbine can be compensated 1n response
to change of the ambient temperatures, to ensure the stable
output power of the wind turbine and stabilize the grid-
connected power of the wind turbine. In this way, a power
generation capacity of the wind turbine transmitted to the
external power grid 1s stable. In step S103, 1f both an average
value of the first ambient temperatures 1n a current period
and an average value of the first ambient temperatures in a
previous period are greater than a preset temperature thresh-
old, an output power of the wind turbine collected at an end
time 1nstant of the current period 1s compensated based on
a diflerence of the average values of the first ambient
temperatures 1n the current period and the previous period,
to ensure the stable output power of the wind turbine. The
temperature threshold 1s an ambient temperature value when
the wind turbine 1s 1 a full power state, where 1n the full
power state, the wind turbine has a grid-connected power
equal to a rated power.

In an actual application scene, an actual output power of
the wind turbine 1s inversely proportional to the ambient
temperature. It 1s means that 1n winter with a low tempera-
ture, the wind turbine has a high output power, and the
grid-connected power 1n winter obtained by subtracting the
average self-consumption power of the wind turbine itself
from the output power of the wind turbine 1s higher than a
rated power of the wind turbine, such that the wind turbine
can supply power to an external power grid with the rated
power. In summer, particularly in a high temperature, the
wind turbine has a low output power, the grid-connected
power of the wind turbine in summer obtained by subtract-
ing the average self-consumption power of the wind turbine
itself from the output power of the wind turbine may be
lower than the rated power of the wind turbine, and the wind
turbine can only supply power to the external power grid
with the actual grid-connected power, thereby reducing of a
total power generation capacity of the wind turbine. During
a continuous temperature rising period from winter to sum-
mer, or during a continuous temperature fall period from
summer to winter, there 1s a specific temperature point
certainly 1 a full power state. At this temperature point, a
difference between the output power of the wind turbine and
the average self-consumption power 1s exactly equal to the
rated power of the wind turbine. This temperature point 1s set
as the temperature threshold in the embodiment.

In the full power state of the wind turbine, when the
ambient temperature 1s higher than the above temperature
threshold, a current output power of the wind turbine 1s low,
and the wind turbine may not supply power to the external
power grid with the rated power. Therefore, 1n order to
achieve that the output power of the wind turbine 1n the tull
load operation state 1s high enough to enable the wind
turbine to supply power to the external power grid with the
rated power, the temperature threshold described above 1s
used as a reference point in the embodiment. If both an
average value of the first ambient temperatures 1n a current
period and an average value of the first ambient tempera-
tures 1n a previous period are greater than the temperature
threshold, an output power of the wind turbine collected at
an end time instant of the current period 1s compensated
based on a difference of the average values of the first
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ambient temperatures in the current period and the previous
period, to ensure the stable output power of the wind turbine.

For example, if the average values of the first ambient
temperatures in the current period and the previous period
are greater than the temperature threshold and the difference
therebetween 1s small, an absolute value of a power to be
compensated 1s small; and if the difference therebetween 1s
great, the absolute value of the power to be compensated 1s
great. If the average values of the first ambient temperatures
in the current period and the previous period are greater than
the temperature threshold and the average value of the first
ambient temperatures 1n the current period 1s greater than the
average value of the first ambient temperatures in the
previous period, a power to be compensated 1s positive; and
if the average value of the first ambient temperatures in the
current period 1s smaller than the average value of the first
ambient temperatures in the previous period, the power to be
compensated 1s negative, thereby ensuring the stable output
power of the wind turbine.

The above solution of performing a determination and
compensating the output power of the wind turbine based on
the temperature threshold can also be applied 1n a non-full
power state of the wind turbine. This 1s because that a rule
of the output power of the wind turbine inversely propor-
tional to the ambient temperature 1s applicable 1n any
operation state of the wind turbine. Therefore, 1n the
embodiment, when the output power of the wind turbine 1s
compensated, the compensated output power of the wind
turbine refers to output powers of the wind turbine 1n various
operation states (the full power state or the non-full power
state).

In the embodiment, the power may be compensated by
torque compensation, that 1s, a power to be compensated 1s
converted into an extra torque to be outputted of the wind
turbine, thereby improving the output power of the wind
turbine. According to a torque control principle of the wind
turbine, a maximum torque and a set torque of the wind
turbine are to be compensated synchronously when the wind
turbine reaches a rated rotational speed and falls within a
rated power segment respectively. In the embodiment, the
manners for compensating the power are not limited.

With the method for compensating the output power of
the wind turbine according to the embodiment of the present
disclosure, the output power of the wind turbine 1s compen-
sated based on the introduced temperature threshold in
combination with the change of the output power of the wind
turbine with the ambient temperatures, to ensure the stable
output power of the wind turbine. The technical solution 1n
the embodiment of the present disclosure may be applied to
various types of wind turbine.

Second Embodiment

FIG. 2a 1s a tflowchart of a method for acquiring the
temperature threshold 1in the embodiment shown 1n FIG. 1
according to the present disclosure. As shown 1n FIG. 24, the
method for acquiring the temperature threshold may include
steps S201 to S206 1n the following.

In step S201, average output powers and average grid-
connected powers of a wind turbine 1n a full power state are
acquired for respective months of a year.

In an actual application scene, an ambient wind speed has
a great intluence on an output power of the wind turbine, and
has an indirectly influence on a grid-connection power of the
wind turbine. Therefore, 1 a process ol acquiring the
average output powers and the average grid-connection
powers of the wind turbine 1n the full power state for
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respective months of the year, influence degrees and etlects
of ambient wind speeds should be considered.

In the embodiment, step S201 may be implemented by the
following step 1 to step 3.

In step 1, output powers, grid-connected powers and
ambient wind speeds of the wind turbine are collected at

respective sampling time instants 1n the year.

For the three types of collected data above, historical data
for an operation of the wind turbine may be used as
collection samples. In a specific collection process, all
operation transient data in the year (a transient period may
be 20 ms, 1s or 7 s) may be used as sample points, and one
sample point corresponds to one sampling time instant. In
the embodiment, operation transient data with a transient
period of 7 s corresponds to one sampling time instant. At
the sampling time instants, historical data for the operation
of the wind turbine 1s collected, to acquire the output
powers, the grid-connected powers and the ambient wind
speeds of the wind turbine at the sampling time instants.

In step 2, output powers, grid-connected powers and
ambient wind speeds of the wind turbine 1n a full power state
at the sampling time instants of the year are counted by
months, and average values of the output powers and the
grid-connected powers at different ambient wind speed
segments are calculated for respective months.

The data may be filtered before being counted, to ensure
validity of a final effect, such as eliminating data on the
operation of the wind turbine 1n a limited power and data on
a small wind speed (data collected when the ambient wind
speed 1s lower than 2 m/s).

In order to determine the temperature threshold based on
the grid-connected power equal to the rated power 1 sub-
sequent steps, data of the wind turbine 1n the full power state
1s to be extracted as data to be processed subsequently 1n
step 2.

In a data processing process, the data collected at the
sampling time 1nstants may be grouped based on the ambient
wind speeds, and each group corresponds to a fixed ambient
wind speed segment. For example, data collected for the
ambient wind speed ranging from 4.75 m/s to 5.25 m/s
corresponds to an ambient wind speed segment of 5 m/s.
Then the extracted output powers, grid-connected powers
and ambient wind speeds of the wind turbine in the tull
power state are counted by months, and average values of
the output powers and average values of the grid-connected
powers at different ambient wind speed segments are cal-
culated for the respective months. For example, algebraic
average values of the output powers and algebraic average
values of the grid-connected powers of the wind turbine at
different ambient wind speed segments for the respective
months may be used as the average values of the output
powers and the average values of the grid-connected powers
at corresponding wind speed segments.

In step 3, average output powers and average grid-
connected powers of the wind turbine for the respective
months of the year are acquired based on the average values
of the output powers and the gnd-connected powers at
different ambient wind speed segments for the respective
months.

For example, algebraic averages or weighted averages of
the output powers and the grid-connected powers at the
ambient wind speed segments for the respective months may
be used as the average output powers or the average grid-
connected powers of the wind turbine 1n the full power state
for the respective months. In the embodiment, the method
for acquiring the average output powers or the average
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grid-connected powers of the wind turbine 1n the full power
state for the respective months 1s not limited.

In step S202, average self-consumption powers of the
wind turbine for the respective months of the year are
calculated based on the average output powers and the
average grid-connected powers of the wind turbine 1n the
tull power state for the respective months of the year, and an
annual vanation curve of the average self-consumption
powers 1n the full power state 1s constructed by curve fitting.

For example, a difference between the average output
power and the average grid-connected power of the wind
turbine in the full power state for each month of the year may
be used as the average self-consumption power for the
month. Curve fitting 1s performed on the acquired average
self-consumption powers for the respective months in a
two-dimensional coordinate system, to form an annual
variation curve of the average self-consumption powers in
the full power state. FIG. 25 1s a schematic diagram of an
annual vanation curve of the average self-consumption
powers 1n a Tull power state (a rated power 1s 1300 KW). As
shown 1n FIG. 254, horizontal coordinates 1indicate time, and
vertical coordinates indicate average self-consumption pow-
ers 1n a full power state.

In step S203, an annual varnation curve of average output
powers of the wind turbine 1n the full power state 1s
constructed by performing curve fitting on the average
output powers of the wind turbine 1n the full power state for
the respective months of the year.

FIG. 2¢ 1s a schematic diagram of an annual variation
curve of average output powers of the wind turbine 1n a full
power state (a rated power 1s 1500 KW) according to the
embodiment. As shown 1in FIG. 2¢, horizontal coordinates
indicate time and vertical coordinates indicate average out-
put powers of the wind turbine in the full power state.

In step S204, a time point when a diflerence obtained by
subtracting the annual vaniation curve of the average seli-
consumption powers ifrom the annual variation curve of the
average output powers of the wind turbine 1s equal to a rated
power 1s extracted as a specific time point.

For example, a time point when a difference obtained by
subtracting a curve value i1n FIG. 256 from a curve value 1n
FIG. 2c¢ 1s equal to 1500 KW (the rated power) 1s determined
as the specific time point. As shown 1n a curve of FIG. 24,
the specific time points are A and B.

In step S205, average values of second ambient tempera-
tures of environments when the wind turbine 1s located are
acquired for the respective months of the year, and an annual
variation curve of the average values of the second ambient
temperatures 1s constructed by curve fitting.

FIG. 2d 1s a schematic diagram of an annual variation
curve of the average values of the second ambient tempera-
tures according to the embodiment. As shown i FIG. 24,
horizontal coordinates indicate time, and vertical coordi-
nates indicate average values of the second ambient tem-
peratures of environments where the wind turbine 1s located.

In step S206, a temperature threshold 1s determined based
on an average value of the second ambient temperatures at
the specific time point in the annual variation curve of the
average value of the second ambient temperatures.

For example, referring to FI1G. 2d, the specific time points
(point A and point B) determined by FIG. 256 and FIG. 2¢
correspond to a specific average value of the second ambient
temperatures, 1.¢., approximate 13 Celsius degrees 1n FIG.
2d. Theretore, the above temperature threshold may be set as
13 Celsius degrees.

With the method for acquiring the temperature threshold
according to the embodiment of the present disclosure,
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annual variation curves of the average output powers, the
average self-consumption powers, and the average values of

the second ambient temperatures of the wind turbine are
constructed, the average grid-connected powers of the wind
turbine are determined by the annual variation curves of the
average output powers and the average self-consumption
powers of the wind turbine; the specific time point 1s
determined based on the average grid-connected power
equal to the rated power; and the temperature threshold 1s
determined based on the average value of the second ambi-
ent temperatures at the specific time point in the annual
variation curve of the average values of the second ambient
temperatures. In this way, a method for determining the
temperature threshold 1s implemented, and the determined
temperature threshold 1s a great reference.

Third Embodiment

FIG. 3 1s a flowchart of a method for compensating an
output power of a wind turbine according to another
embodiment of the present disclosure. The method may be
regarded as an implementation of the embodiment shown in
FIG. 1. As shown 1n FIG. 3, based on the method embodi-
ment shown 1 FIG. 1, step S103 1s further refined in the
embodiment, 1.e., introducing a change rate function. Based
on related steps of the embodiment shown m FIG. 2a, the
method for acquiring the change rate function may include
the following steps.

A change rate function for indicating change of the output
powers ol the wind turbine 1n the tull power state with the
second ambient temperatures i1s calculated, based on the
annual variation curve of the average output powers of the
wind turbine and the annual variation curve of the average
values of the second ambient temperatures obtained 1n the
embodiment shown in FIG. 2a. For example, for the time
points 1n FIG. 2¢ and FIG. 2d, a limited number of arrays,
cach of them including the average output power of the wind
turbine and the average value of the second ambient tem-
peratures, are selected; straight line fitting 1s performed on
the arrays 1n a two-dimensional coordinate system, to form
a straight line indicated by a function y=p*x+q, thereby
determining Ay=p*Ax as the above change rate function. In
which, p and g are constants; x and Ax indicate an average
value of the second ambient temperatures and an increment
thereol; and y and Ay indicate an average output power of
the wind turbine and an increment thereof.

Based on the introduced change rate function, the method
for compensating the output power of the wind turbine
shown 1n FIG. 3 may include steps S301 to step 304.

In step S301, average values of first ambient temperatures
of environments where a wind turbine 1s located are
acquired in respective periods.

In step S302, output powers of the wind turbine are
collected at end time instants of the periods.

The performing process of above steps S301 to step S302
may refer to corresponding description of steps S101 to
S102.

In step S303, if both an average value of the first ambient
temperatures 1n a current period and an average value of the
first ambient temperatures 1n a previous period are greater
than a preset temperature threshold, a difference between the
average values of the first ambient temperatures 1n the
current period and the previous period 1s substituted into a
change rate function, to obtain an increment of an output
power of the wind turbine corresponding to the difference.

For example, the difference between the average values of
the first ambient temperatures in the current period and the
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previous period (an increment of the average value of the
first ambient temperatures in the previous period), as an

increment Ax, 1s substituted into the change rate function
Ay=p*Ax, to obtain an increment Ay of the average output
power of the wind turbine corresponding to the difference,
as the imncrement of the output power of the wind turbine.

In step S304, an output power of the wind turbine
collected at an end time instant of the current period 1is
compensated by using the increment of the output power of
the wind turbine as a power compensation amount, to ensure
the stable output power of the wind turbine. The temperature
threshold 1s an ambient temperature value when the wind
turbine 1s 1n a full power state, where 1n the full power state,
the wind turbine has a grid-connected power equal to a rated
power.

The compensation manners and principles may refer to
corresponding description of step S103, which 1s not
described 1n detail herein.

The steps S303 to S304 may be regarded as refinement of
step 5103.

With the method for compensating the output power of
the wind turbine according to the embodiment of the present
disclosure, based on the embodiment shown in FIG. 1, the
change rate function 1s introduced, and the difference
between the average values of the first ambient temperatures
in the current period and the previous period 1s substituted
into the change rate function, to calculate a value of the
power to be compensated, such that the output power of the
wind turbine 1s compensated more accurately. In the solution
of the embodiment, the process of obtaining the power
compensation amount may be further corrected and opti-

mized by using the temperature threshold calculated by the
method shown in FIG. 2a.

Fourth Embodiment

FIG. 4a 1s a schematic structural diagram of a device for
compensating an output power of a wind turbine according
to an embodiment of the present disclosure. The device may
be used to perform the steps of the method 1n the embodi-
ment shown 1n FIG. 1. As shown 1n FIG. 4aq, the device for
compensating the output power of the wind turbine includes:
a first acquiring module 41, a first collecting module 42 and
a compensating module 43.

The first acquiring module 41 1s configured to acquire
average values of first ambient temperatures of environ-
ments where the wind turbine i1s located, 1n respective
periods.

The first collecting module 42 1s configured to collect
output powers of the wind turbine at end time 1nstants of the
respective periods.

The compensating module 43 1s configured to 1f both an
average value of the first ambient temperatures 1n a current
pertod and an average value of the first ambient tempera-
tures 1n a previous period are greater than a preset tempera-
ture threshold, compensate an output power of the wind
turbine collected at an end time instant of the current period
based on a difference of the average values of the first
ambient temperatures in the current period and the previous
period, to ensure the stable output power of the wind turbine.
The temperature threshold 1s an ambient temperature value
when the wind turbine 1s 1n a full power state, where in the
tull power state, the wind turbine has a grid-connected
power equal to a rated power.

As shown 1n FIG. 454, based on the embodiment shown 1n
FIG. 4a, the device for compensating the output power of the
wind turbine may further include: a second acquiring mod-
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ule 44, a first processing module 45, a second processing,
module 46, an extracting module 47, a third processing
module 48 and a determiming module 49.

The second acquiring module 44 1s configured to acquire
average output powers and average grid-connected powers
of the wind turbine 1 a full power state for respective
months of one year.

The first processing module 45 1s configured to calculate
average self-consumption powers of the wind turbine in the
respective months of the year based on the average output
powers and the average grid-connected powers of the wind
turbine 1n the full power state for the respective months of
the year, and construct an annual variation curve of the
average self-consumption powers 1n the full power state by
curve fitting.

The second processing module 46 1s configured to con-
struct an annual variation curve of the average output
powers of the wind turbine 1n the full power state by
performing curve fitting on the average output powers of the
wind turbine 1n the full power state for the respective months
of the year.

The extracting module 47 1s configured to extract a time
point when a difference obtained by subtracting the annual
variation curve of the average self-consumption powers
from the annual variation curve of the average output
powers ol the wind turbine 1s equal to a rated power, as a
specific time point.

The third processing module 48 1s configured to acquire
average values of second ambient temperatures of environ-
ments where the wind turbine 1s located 1n the full power
state for the respective months of the year, and construct an
annual variation curve of the average values of the second
ambient temperatures 1n the full power state by curve fitting.

The determining module 49 1s configured to determine the
temperature threshold based on an average value of the
second ambient temperatures at the specific time point 1n the
annual variation curve of the average values of the second
ambient temperatures.

Further, the second acquiring module 44 may include a
collecting unit 441, a first processing unit 442 and a second
processing unit 443,

The collecting unit 441 1s configured to collect output
powers, grid-connected powers and ambient wind speeds of
the wind turbine at sampling time 1nstants 1n one year.

The first processing umt 442 1s configured to count, for
the respective months, the output powers, the grid-connected
powers and the ambient wind speeds of the wind turbine in
the full power state collected at the sampling time instants in
the year, and calculate average values of the output powers
and the grid-connected powers of the wind turbine at dii-
ferent ambient wind speed segments for the respective
months.

The second processing unit 443 1s configured to acquire
average output powers and average grid-connected powers
of the wind turbine 1n the full power state for the respective
months of the year, based on the average values of the output
powers and the grid-connected powers of the wind turbine at
different ambient wind speed segments for the respective
months.

The steps of the method 1n the embodiment shown 1n FIG.
2a may be performed by the device for compensating the
output power of the wind turbine shown 1n FIG. 4b4. The
principle of the steps 1s not described 1n detail here.

Further, as shown 1n FIG. 4¢, based on the embodiment
shown 1n FIG. 4b, the device for compensating the output
power of the wind turbine may 1nclude: a fourth processing,

module 50.
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The fourth processing module 50 1s configured to calcu-
late a change rate function for indicating a change of the
output powers of the wind turbine in the full power state
with the second ambient temperatures, based on the annual
variation curve of the average output powers of the wind
turbine and the annual variation curve of the average values
of the second ambient temperatures.

Further, in an embodiment shown 1n FIG. 4¢, the com-
pensating module 43 may include a third processing unit 431
and a compensating unit 432.

The third processing unit 431 1s configured to substitute a
difference between the average values of the first ambient
temperatures in the current period and the previous period
into the change rate function, to acquire an increment of the
output power of the wind turbine corresponding to the
difference.

The compensating umt 432 1s configured to compensate
an output power of the wind turbine collected at an end time
istant of the current period by using the imncrement of the
output power of the wind turbine as a power compensation
amount.

The steps of the method 1n the embodiment shown 1n FIG.
3 may be performed by the device for compensating the
output power of the wind turbine shown in FIG. 4¢. The
principle of the steps 1s not described 1n detail herein.

Technical effects achieved by performing the methods 1n
FIG. 2a and FIG. 3 by the device for compensating the
output power of the wind turbine according to the embodi-
ment of the present disclosure have been described 1n the
second embodiment and the third embodiment, which are
not described 1n detail herein.

As shown 1n FIG. 5a, FIG. 36 and FIG. 5¢, a system for
compensating an output power ol a wind turbine 1s further
provided according to an embodiment. The system 1ncludes:
a cluster controller 53, and stand-alone controllers 52
respectively provided on wind turbines 31.

Each of the stand-alone controllers 52 includes a stand-
alone acquiring module 3521, a stand-alone collecting mod-
ule 522 and a stand-alone compensating module 523.

The stand-alone acquiring module 521 1s configured to
acquire average values of first ambient temperatures of
environments where the wind turbine 1s located, 1n respec-
tive periods.

The stand-alone collecting module 522 1s configured to
collect output powers of the wind turbine at end time instants
of the respective periods.

The stand-alone compensating module 523 1s configured
to compensate an output power of the wind turbine collected
at an end time 1nstant of a current period 1n response to a
control of the cluster controller.

The cluster controller 53 includes a cluster acquiring
module 531, a cluster collecting module 532 and a cluster
compensating module 533.

The cluster acquiring module 3531 i1s configured to
acquire, from a stand-alone controller, average values of the
first ambient temperatures of environments where a wind
turbine including the stand-alone controller 1s located, in
respective periods.

The cluster collecting module 532 1s configured to collect
output powers of the wind turbine at end time 1nstants of the
respective periods from the stand-alone controllers.

The cluster compensating module 333 is configured to 1f
both an average value of the first ambient temperatures of
the wind turbine 1n a current period and an average value of
the first ambient temperatures in a previous period are
greater than a preset temperature threshold of a correspond-
ing wind turbine, control a corresponding stand-alone con-




US 10,190,575 B2

13

troller to compensate an output power of the wind turbine
collected at an end time instant of the current period based
on a difference of the average values of the first ambient
temperatures of the wind turbine in the current period and
the previous period, to ensure a stable output power of the
wind turbine. The temperature threshold i1s an ambient
temperature value when the wind turbine 1s 1n a full power
state; where 1n the full power state, the wind turbine has a
grid-connected power equal to a rated power.

The stand-alone controller 52 may be a compensating
system provided at the wind turbine 31 and configured to
control an operation of the wind turbine 51. The cluster
controller 53 may be a main control system applied to a
whole wind power station and configured to adjust and
control the stand-alone controllers 52 in the wind power
station.

The steps of the methods 1n the embodiments shown in
FIG. 1, FIG. 2aq and FIG. 3 may be performed by the system
for compensating the output power of the wind turbine
according to the embodiment. The principle of the steps 1s
not described 1n detail here.

With the system for compensating the output power of the
wind turbine according to the embodiment, first output
powers ol all wind turbines 1n one wind power station at a
current time 1nstant can be compensated based on person-
alization data of the wind turbines, thereby improving clus-
ter control operability of the wind power station.

It should be noted that, the embodiments described above
are only used to 1illustrate the techmical solutions of the
present disclosure and are not mtended to limit the present
disclosure. Although the present disclosure 1s described 1n
detail with reference to the embodiments described above,
those skilled in the art should understand that the technical
solutions recited in the embodiments may be changed or a
part or all of the technical features in the embodiments may
be replaced equivalently. The changes and replacements do
not enable the essence of the corresponding technical solu-
tions to depart from the scope of the technical solutions in
the embodiments of the present disclosure.

The 1nvention claimed 1s:

1. A method for compensating an electrical output power
of a wind turbine, comprising;

acquiring average values of first ambient temperatures of

environments where the wind turbine 1s located, 1n
respective periods;

collecting electrical output powers of the wind turbine at
end time 1nstants of the respective periods; and

if both an average value of the first ambient temperatures
in a current period and an average value of the first
ambient temperatures in a previous period are greater
than a preset temperature threshold, compensating an
clectrical output power of the wind turbine collected at
an end time instant of the current period based on a
difference between the average values of the first
ambient temperatures in the current period and the
previous period, to ensure a stable electrical output
power of the wind turbine, wherein the temperature
threshold 1s an ambient temperature value when the
wind turbine 1s 1n a full power state; and wherein in the
tull power state, the wind turbine has a grid-connected
power equal to a rated power of the wind turbine.

2. The method according to claim 1, further comprising:

acquiring average electrical output powers and average
grid-connected powers of the wind turbine in the full
power state for respective months of one year;

calculating average self-consumption powers of the wind
turbine for the respective months of the year based on
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the average electrical output powers and the average
grid-connected powers of the wind turbine 1n the full
power state for the respective months of the year, and
constructing, by curve fitting, an annual variation curve
of the average self-consumption powers in the full
power state;
constructing an annual variation curve of the average
clectrical output powers of the wind turbine in the full
power state by performing curve {itting on the average
clectrical output powers of the wind turbine in the full
power state for the respective months of the year;

extracting a time point when a difference obtained by
subtracting the annual vanation curve of the average
self-consumption powers from the annual variation
curve ol the average electrical output powers of the
wind turbine 1s equal to the rated power, as a specific
time point;

acquiring average values of second ambient temperatures

of environments where the wind turbine 1s located for
the respective months of the year, in the full power
state; and constructing, by curve fitting, an annual
variation curve of the average values of the second
ambient temperatures 1n the full power state; and
determining the temperature threshold, based on an aver-
age value of the second ambient temperatures at the
specific time point in the annual variation curve of the
average values of the second ambient temperatures.

3. The method according to claim 2, wherein the acquiring,
average electrical output powers and average grid-connected
powers of the wind turbine 1n the full power state for the
respective months of one year comprises:

collecting electrical output powers, grid-connected pow-

ers and ambient wind speeds of the wind turbine at
sampling time 1nstants in the year;
counting, by months, the electrical output powers, grid-
connected powers and ambient wind speeds of the wind
turbine 1n the full power state collected at the sampling
time instants in the year, and calculating average values
of the electrical output powers and average values of
the grid-connected powers at different ambient wind
speed segments for the respective months; and

acquiring average electrical output powers and average
grid-connected powers of the wind turbine 1n the full
power state for the respective months of the year, based
on the average values of the electrical output powers
and the average values of the grid-connected powers of
the wind turbine at diflerent ambient wind speed seg-
ments for the respective months.

4. The method according to claim 3, further comprising:

calculating a change rate function for indicating change of

the electrical output powers of the wind turbine in the
tull power state with the second ambient temperatures,
based on the annual variation curve of the average
clectrical output powers and the annual variation curve
of the average values of the second ambient tempera-
tures.

5. The method according to claim 4, wherein the com-
pensating an electrical output power of the wind turbine
collected at an end time instant of the current period based
on a difference between the average values of the first
ambient temperatures in the current period and the previous
period comprises:

substituting the diflerence between the average values of

the first ambient temperatures in the current period and
the previous period 1nto the change rate function, to
acquire an mncrement of the electrical output power of
the wind turbine corresponding to the difference; and
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compensating the electrical output power of the wind
turbine collected at the end time 1nstant of the current
period by using the mcrement of the electrical output
power of the wind turbine as a power compensation
amount.

6. A device for compensating an electrical output power

of a wind turbine, comprising;

a first acquiring module configured to acquire average
values of first ambient temperatures of environments
where the wind turbine 1s located, 1n respective periods;

a first collecting module configured to collect electrical
output powers of the wind turbine at end time instants
of the respective periods; and

a compensating module configured to if both an average
value of the first ambient temperatures 1 a current
period and an average value of the first ambient tem-
peratures 1n a previous period are greater than a preset
temperature threshold, compensate an electrical output
power of the wind turbine collected at an end time
instant of the current period based on a difference of the
average values of the first ambient temperatures in the
current pertod and the previous period, to ensure a
stable electrical output power of the wind turbine,
wherein the temperature threshold 1s an ambient tem-
perature value when the wind turbine is 1n a full power
state; and wherein 1n the tull power state, the wind
turbine has a grid-connected power equal to a rated
power of the wind turbine.

7. The device according to claim 6, further comprising;

a second acquiring module configured to acquire average
clectrical output powers and average grid-connected
powers ol the wind turbine i a full power state for
respective months of one year;

a {irst processing module configured to calculate average
self-consumption powers of the wind turbine for the
respective months of the year based on the average
clectrical output powers and the average grid-con-
nected powers of the wind turbine 1n the full power
state for the respective months of the year, and con-
struct, by curve fitting, an annual variation curve of the
self-consumption powers 1n the full power state;

a second processing module configured to construct an
annual variation curve of the average electrical output
powers of the wind turbine in the full power state by
performing curve fitting on the average electrical out-
put powers ol the wind turbine 1n the full power state
for the respective months of the year;

an extracting module configured to extract a time point
when a difference obtained by subtracting the annual
variation curve of the self-consumption powers from
the annual variation curve of the average electrical
output powers of the wind turbine 1s equal to the rated
power, as a specific time point;

a third processing module configured to acquire average
values of second ambient temperatures of environ-
ments where the wind turbine 1s located for the respec-
tive months of the year, in the full power state; and
construct, by curve {itting, an annual variation curve of
the average values of the second ambient temperatures
in the full power state for the year; and

a determining module configured to determine the tem-
perature threshold based on an average value of the
second ambient temperatures at the specific time point
in the annual variation curve of the average values of
the second ambient temperatures.

8. The device according to claim 7, wherein the second

acquiring module comprises:
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a collecting unmit configured to collect electrical output

powers, grid-connected powers and ambient wind
speeds of the wind turbine at sampling time 1nstants in
the year;

a first processing unmit configured to count, by months, the

clectrical output powers, the grid-connected powers
and the ambient wind speeds of the wind turbine 1n the
full power state collected at the sampling time 1nstants
in the year, and calculate average values of the elec-
trical output powers and average values of the grid-
connected powers of the wind turbine at different
ambient wind speed segments for the respective
months; and

a second processing unit configured to acquire average

clectrical output powers and average grid-connected
powers ol the wind turbine in the full power state for
the respective months of the year, based on the average
values of the electrical output powers and the average
values of the grid-connected powers of the wind turbine
at different ambient wind speed segments for the
respective months.

. The device according to claim 8, further comprising:

fourth processing module configured to calculate a
change rate function for indicating change of the elec-
trical output powers of the wind turbine 1n the full
power state with the second ambient temperatures
based on the annual variation curve of the average
clectrical output powers of the wind turbine and the
annual variation curve of the average values of the
second ambient temperatures.

10. The device according to claim 9, wherein the com-
pensating module comprises:
a third processing unit configured to substitute the differ-

ence between the average values of the first ambient
temperatures 1n the current period and the previous
period mnto the change rate function, to acquire an
increment of the electrical output powers of the wind
turbine corresponding to the diflerence; and

a compensating unit configured to compensate an electri-

cal output power of the wind turbine collected at an end
time instant of the current period by using the incre-
ment of the electrical output powers of the wind turbine
as a power compensation amount.

11. A system for compensating electrical output powers of
wind turbines, comprising a cluster controller and stand-
alone controllers provided at the wind turbines, wherein

cach of the stand-alone controllers comprises:

a stand-alone acquiring module configured to acquire

average values of first ambient temperatures of envi-
ronments where the wind turbine 1s located, 1n respec-
tive periods;

stand-alone collecting module configured to collect
clectrical output powers of the wind turbine at end time
instants of the respective periods; and a stand-alone
compensating module configured to compensate an
clectrical output power of the wind turbine collected at
an end time instant of a current period 1n response to a
control of the cluster controller, and

the cluster controller comprises:
a cluster acquiring module configured to acquire, from the

stand-alone controller, the average values of the first
ambient temperatures of the environments where the
wind turbine comprising the stand-alone controller 1s
located, 1n the respective periods;
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a cluster collecting module configured to collect the
clectrical output powers of the wind turbine at the end
time 1nstants of the respective periods from the stand-
alone controller; and

a cluster compensating module configured to if both an 5
average value of the first ambient temperatures of the
wind turbine 1n a current period and an average value
of the first ambient temperatures 1n a previous period
are greater than a preset temperature threshold of the
wind turbine, control a corresponding stand-alone con- 10
troller to compensate an electrical output power of the
wind turbine collected at an end time instant of the
current period based on a diflerence between the aver-
age values of the first ambient temperatures of the wind
turbine 1n the current period and the previous period, to 15
ensure a stable electrical output power of the wind
turbine, wherein the temperature threshold 1s an ambi-
ent temperature value when the wind turbine 1s 1n a full
power state; and wherein 1n the full power state, the
wind turbine has a grid-connected power equal to a 20
rated power of the wind turbine.

G x e Gx o



	Front Page
	Drawings
	Specification
	Claims

